The crab Ucides cordatus (Linnaeus, 1763) or 'caranguejo-uçá', as it is known in Brazil, is one of the most conspicuous and abundant components of the epibenthic macrofauna of Brazilian mangrove ecosystems and the most exploited resource by riparian human populations. It is aimed here to study the population structure of this crustacean in the estuary of the Mamanguape river, State of Paraíba, Northeast Brazil. The research was performed between August 2000 and September 2001. An area of 1600m 2 was marked out through the mangrove habitat and the density of U. cordatus was determined by counting inhabited burrows. Three-hundred crabs were captured and biometrical and sexual ratio values were obtained. The mean density of inhabited burrows was 1.7 burrows m -2 . Males crabs were larger than females and their sexual ratio was 1.85: 1.00. They mate between January and March. The low dimension of captured specimens and the low values of population density here obtained confirm the observation of crab gatherers that 'caranguejo-uçá' is decreasing in that mangrove area. It is suggested the need for a management plan aiming a sustainable exploitation of this important food and profitable resource. 
número de tocas habitadas. 314 caranguejos foram capturados para a obtenção de dados biométricos e determinação da razão sexual. Os dados biométricos foram maiores para os caranguejos machos. A densidade média de U. cordatus foi de 1,7 tocas/m
INTRODUCTION
Mangrove ecosystems, that occur predominantly on coastal zones of tropical and subtropical regions, are one of the most productive worldwide environments, being directly or indirectly of great benefit to other nearby ecosystems; and they also benefit the human communities who exploit their resources. Brazil is certainly the country in the world with the largest mangrove area, ca. 25,000 km 2 (LACERDA, 1984) , mostly in the North (85%) according to Herz (1991) . Mangrove forests are important environments for maintaining mangrove-dwellers or temporary organisms that use local resources for some periods of their life cycle, for feeding, reproduction or as refuge against predators. Many faunal organisms of mangrove ecosystems are permanent residents, developing their whole life cycle in the estuary and frequently penetrating the mangrove habitat. However, some marine and fresh water species go to mangrove ecosystems because these habitats afford ideal conditions for the first stages of their life cycle (NASCIMENTO 1999) .
Crabs are the most conspicuous and abundant components of epibenthic macrofauna of mangrove ecosystems. They carry out several ecological functions assimilating a large amount of carbon (ROBERTSON, 1986 , MICHELI et al. 1991 . The predominance of burrowing forms enhance oxygenation of soil and drainage of sediments (JONES 1984) . Ucides cordatus (Linnaeus, 1763), known in Brazil as 'caranguejo-uçá', is particularly important in the biogeocycling of nutrients in mangrove ecosystems (CORRÊA JR, et al. 2000) .
Besides their ecological importance, crabs are one of the most exploited resources in Brazilian mangrove areas, generating jobs and profit for people who survive from crab gathering. Kjerfve and Lacerda (1993) , reviewing the management and economical sustainability of Brazilian mangrove ecosystems observed that crustacean-gathering is the most profitable activity, and gathering of Ucides cordatus is the most relevant (IBAMA 1995) .
Despite its wide distribution, from the south of Florida to the south of Brazil, including Bahamas and Greater Antilles (CHACE and HOBBS 1969) , this species of Crustacea: Decapoda, Brachyura, of the Ocypodidae family, has been scarcely studied (SCHOMBURKG, 1848 , KAPPLER, 1881 , HOLTHUIS, 1959 , MANNING and PROVENZANO, 1961 , BRIGHT, 1966 , CHACE and HOBBS, 1969 , and GERALDES and CALVENTI, 1983 . In Brazil, the studies on the increasingly economical and social importance of that species, whose preservation of natural populations is currently needed, have been intensified (ALCÂNTARA FILHO 1978 , COSTA, 1979 , MOTA ALVES and MADEIRA, 1980 , NASCIMENTO and COSTA, 1983 , CASTRO, 1986 , NORDI, 1992 , 1994a , b, 1995 , MANESCHY, 1993 , BRANCO, 1993 , ALMEIDA and MELLO, 1996 , BLANKENSTEYN and CUNHA FILH,O 1997 , FREIRE, 1998 , MARTINEZ, et al. 1998 , ALLODI and TAFFAREL, 1999 , BOTELHO, et al. 1999 , Côrrea Jr et al. 2000 , Alves 2002 and Alves and NISHIDA, 2002 .
The management and protection of natural populations of Ucides cordatus as well as the knowledge of its bioecology and the social and economical implications of this valuable species, are the main aspects of the investigations that should be currently pursued, as suggested by Ivo and Gesteira (1999) and Moura et al. (2000) .
It is also important to consider that mangrove ecosystems are seriously threatened, mainly by human activities that impact the habitat of crabs (PONS and FISELIER, 1991 , FOUDA and AL-MUHARRAMI, 1995 , FARNSWORTH and ELLISON, 1997 . Thus studies on those ecosystems are essentially important for establishing measures aiming their preservation. Additional studies concerning animals highly dependent on mangrove habitats can be linked to management of such ecosystems and associated fishery resources (BACON and ALLENG, 1992 , HUDSON and LESTER, 1994 , FOUDA and AL-MUHARRANI, 1995 .
It is aimed here to study some structural aspects of population of Ucides cordatus in the mangrove ecosystem of the estuary of the Mamanguape river, in the State of Paraíba, Northeast Brazil. Emphases are given to aspects concerning its management and conservation as a support for establishing measures in management plans and sustainable exploitation of this resource. These aspects are crucially important for maintaining the traditional human populations exploiting this resource. o 55' W. The estuary here studied, from east to west is nearly 24 km long by 2.5 km wide, close to the river mouth ( All the area under the influence of the Mamanguape river is within the permanent protected area ('APA', in Portuguese) of 'Barra do Rio Mamanguape' of the IBAMA (the Brazilian Institute for the Environment and Natural Resources), formed also by the estuaries of the rivers Miriri and Estivas, covering 14,460 ha. In that estuary there is a large extension of mangrove habitats, islands and islets (the latter formed by sandy-clay-loam banks), and barrier reefs in the rivers mouths forming a prolonged high wall. The whole area is included in the municipalities of Rio Tinto, Marcação, and Lucena, including also some villages, north littoral of the State of Paraíba.
MATERIALS AND METHODS
The estuary of the APA is covered in its margins for ca. 6,000 ha of a reasonably preserved mangrove ecosystem, the largest in Paraíba State. Its common trees are Rhizophora mangle (Rhizophoraceae), Avicennia germinans (Avicenniaceae), A. schaueriana (Avicenniaceae), Laguncularia racemosa (Combretaceae) and Conocarpus erectus (Combretaceae). The highest R. mangle trees reach 25m and up to 60 cm DBH (diameter at breast height); A. germinans trees are higher than 30m and have 65cm DBH (PALUDO and KLONOWSKI,1999) .
The mangrove forest at Mamanguape is typically well preserved but with some sites that appear to be affected by anthropic actions. Local fishermen say that there is a decreasing fish production due to agrochemicals used in nearby sugar cane plantations along the river, an aspect studied by Watanabe et al. (1994) . Islands and islets are also being modified by the increasing siltation of river bed.
Field sampling.
The investigation was carried out between August 2000 and September 2001. A transection was marked out through the mangrove habitat, totalling 1600 m 2 divided into 16 quadrats of 10 m x 10 m each, delimited perpendicular to the estuarine channel. The quadrats were delimited with a thin rope and banderoles for signalling the area to be preserved from crab gathering during the period we collected the data.
An experienced gatherer helped us by catching 314 crabs which were morphometrically measured with a calliper rule to the nearest millimetre. The measurements performed were: carapace length measured from the sagittal plain on the dorsal surface of the animal, and carapace width measured transversally from the first pair of pereiopods. The carapace width corresponds to the largest body dimension. Statistical analyses of the results were performed by using the computing program Statistica for Windows, v.4 (STATSOFT, 1998) .
The crab population density was estimated by counting the inhabited burrows along the 16 delimited quadrats. We preferred this technique because crabs retreat to their burrows quickly as soon as anyone is at sight. An experienced crab gatherer helped us to count all open or filled up burrow of Ucides cordatus (the crab covers up the burrow opening with mud until moulting is completed).
The animal sex was evaluated after a careful examination of the crab sexual external characteristics, i.e. males have narrow and long abdomen, approximately triangular with the fifth and sixth segments fused as a single segment articulated with the telson, and females have larger abdominal segments taking up almost the whole of the ventral region (MOTA ALVES, 1975) . The crab reproduction period was detected from field observations.
RESULTS

Biometrical measurements
The results showed that the carapace mean length was 4.3 cm in males and 3.9 cm in females. The carapace mean width was 5.6 cm in males and 5.0 cm in females (Table 1) . Distribution of individuals per size class of carapace length showed a higher percentage in the range 4.2 -4.5cm (23%), followed by the class range 4. 5 -4.8cm (19%) , and by the class range 3.9 -4.2cm (17%) (Fig. 2) . The size class of carapace width presented a higher concentration of individuals in classes smaller than 6.0 cm (82%) (Fig. 3) . The statistical analyses of biometrical data showed that males are larger than females. The 't' test of Student for independent samples revealed that the carapace mean length of males is significantly larger than the one of females (t = 6.88; df = 312; p < 0.01) (Fig. 4) . The carapace mean width of males is also significantly larger than the one of females (t = 8.49; df = 312; p < 0.01) (Fig. 5) . 
Population measurements.
Data on sexual proportion of 314 individuals sampled showed a predominance of males (204 or 65%) over the females (110 or 35%), a ratio standing at 1.85: 1.00. The relative density of Ucides cordatus burrows varied from 0.7 to 3.7 burrows m -2 , giving a general mean of 1.7 burrows m -2 (Fig. 6) . It was observed a larger density of crab burrows in the first eight quadrats situated on a higher topographic level close to the river mudbanks. The quadrats were reached less frequently by spring tides. There is a close relation between the 'andada' and the spring tides which occurred during full moon and new moon in January, February, and March 2001. The 'andada' draws attention also of non-gatherers who live in other areas outside the estuary boundaries.
Discussion
The biometrical data here obtained showing that Ucides cordatus males are larger than females, corroborate studies performed elsewhere (ALCÂNTARA-FILHO, 1978 , BRANCO, 1993 , MONTEIRO et al. 2000 . A publication from the Superintendência para o Desenvolvimento da Amazônia / Universidade Federal do Maranhão (1983) reported that males yield 26% of flesh and females only 22%, being the former more captured than the latter.
The data we obtained showing that males predominate on females, confirm data from Castro (1986) who investigated mangrove ecosystems in the State of Maranhão. However, Alcântara-Filho (1978) reported more females in mangrove ecosystems of the estuary of the Ceará river in the State of Ceará; both States in Northeast Brazil. Margalef (1977) state that such variability is commonly found in crabs and other crustaceans, due mainly to reproductive migration and differences in behaviour, lifespan and mortality rate.
The values of crab density here obtained were lower or similar to data reported from other mangrove ecosystems of Northeast Brazil. However, they were higher than the values reported from mangrove ecosystems of South and Southeast Brazil and from Jamaica and the Dominican Republic. Burrow densities of Ucides cordatus reported from Brazilian and South American mangrove ecosystems are represented in Table 2 . A wide variation of results have been reported due probably to particularities of each mangrove habitat. Paiva (1997) observed that some characteristics of U. cordatus (a leaf-consuming crab) like length, mean weight and population density, are related to organic matter richness of several mangrove ecosystems in Brazil. However, some results presented by Paiva (1997) are not new, being not appropriate for comparing with our data. Despite unavailable data on population densities of U. cordatus at Mamanguape mangrove habitats, local crab gatherers assign the current reduction of its natural stock to a high crab mortality which happened in 1998. Itacorubi, SC* (BRANCO, 1993) 1.1 * Acronyms for the States of: MA -Maranhão; CE -Ceará; SE -Sergipe; PR -Paraná; SCSanta Catarina
The higher values of burrow density we registered at some elevated sites close to the river mudbanks, decreasing towards the inland, were also reported at mangrove habitats of the Ilha do Paiva in the State of Sergipe, Northeast Brazil (NASCIMENTO and COSTA 1983) . We also consider that some other physical factors like water level, sediment drainage, and soil humidity and salinity, affect the crab population distribution along the river mangrove habitat. observed that tidal channels or drainage sites, where water from spring tides remains for a longer time, are places with reduced crab population.
Despite the reasonable state of preservation of the mangrove ecosystem we studied, there are some areas being affected by anthropic actions, due mainly to sugar cane cultivation. Watanabe et al. (1994) reported water contamination in one of the estuary tributaries from sugar cane plantations. Skilleter and Warren (2000) suggest that even slight modifications of the physical structure of a mangrove habitat, may cause significant damage on biodiversity and abundance of macrobenthic organisms.
The reduction of mangrove areas in the State of Rio de Janeiro, Southeast Brazil, is reported by Bergallo et al. (2000) as one of the main reasons to consider Ucides cordatus as a threatened species, which is also intensively captured as food and as a profitable resource by local dwellers. In the State of São Paulo, Southeast Brazil, U. cordatus is an endangered species also due to anthropic actions (Secretaria do Meio Ambiente-SP 1998) .
The period the crabs mate, from January to March, is the same observed by the gatherers and as reported elsewhere (COSTA, 1972 , ALCÂNTARA FILH,O 1978 , NASCIMENTO and COSTA, 1983 , CASTRO, 1986 , MONTEIRO, et al. 2000 , and GÓES et al. 2000 . The period of 'andada' was also reported by Nordi (1994a) who state that the gatherers associate this movement of crabs to tides, an aspect also reported by Castro (1986) who observed such event mainly after spring tides. Ucides cordatus specimens are caught easily during the 'andada'. The gatherers say that the increase in the occurrence of plantules of Rhizophora mangle, much preferred by leafconsuming crabs, indicates a decrease of crab populations.
Considering the relevant ecological function of Ucides cordatus, its population decrease may cause modifications in the mangrove habitat. Koch and Wolff (2002) point out that epifaunal species contribute about 75% to the faunal biomass in mangrove ecosystems (U. cordatus 63% and deposit-feeding crabs 12%), indicating the important role of this faunal group which channels directly the energy and nutrients fluxes in the ecosystem.
The pressure exerted by crab gatherers on Ucides cordatus population is mainly due to the fact that they catch males smaller than 4.5 cm of carapace length (disobeying the current Brazilian environmental legislation), which is a risk to overfishing. Diele (2000) suggests that the low growth rate of U. cordatus means that this species is highly vulnerable to overfishing and that decrease in number of larger males in overexploited areas indicates a likely reduction in the capacity of the ecosystem to buffer negative actions on its natural condition; and if the pressure continues, the production will be markedly lower. In this case it will be important to observe the resilience of mangrove habitats in such conditions.
CONCLUSIONS
The present work reinforces the need for a management plan of Ucides cordatus in the estuary of the Mamanguape river, besides the preservation of the crab habitat. We believe that not only controlled exploitation and the governmental supervision are important normative approaches to sustainability, but also the socioecological contextualization of local population of crab gatherers. They are usually ignored by the authorities when elaborating regulations on resource exploitation.
Some suggestions aiming to improve the current situation follow: (1) to study the bioecological potential of the mangrove ecosystems biota and ameliorate their alternatives of exploitation; (2) to organize structurally and functionally the human community involved in the crab catch and commercialization by providing courses, talks and better professional qualification, as well as formation of producer co-operatives, and social, medical and financial assistance; (3) to restructure the 'defeso' system (in defence of crabs), through debates with experts, governmental authorities and crab gatherers. The latter could receive a financial support for their participation in defence of the Ucides cordatus and the mangrove ecosystem management and protection.
